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REPORT No. 656

THE COLUMN STRENGTH OF TWO EXTRUDED
ALUMINUM-ALLOY H-SECTIONS

By WILLIAM R. OSGOOD and MAHSHALL EOLT —- —

SUMMARY

&ruded abninum-dloy membei% of ?Mriou8 cross
sections are used in aircraft as compresm”onmembers
either singly or as stij$enersJor aluminum-alloy sheet.
In order to design 8uA member8,it ie nece88a~ to know
their wlumn etreng-thor, in the case of 8tiJener8, the ralue
oj the double modulw, which is best obtain+xifor practical
purposesfrom column tests.

Column teat8 made on two extruded H-sections are
described, and column formulax and formula8 for the
ratio of the double modulus to Young’s modulu8, based on
thete#s, areghen.

INTRODUCTION

Extruded aluminum-alloy members of various cro~s
sections are used in airora-ft as compression members
either singly or as stiffeners for Auninum-alloy sheet.
In order to design such membem, it is necessary to know
their cohmm strength, or in the case of stiffeners, the
value of the doub~emodulus (references 1 and 2), which
isbest obtained for practical purposes from oolumn tests.

The interest of the National Adviso~ Committee for
Aeronautics in stiffened-sheet construction as applied
to monoooque design led to the allotment of funds to
the National Bureau of Standards for research in this
fieId, and a part of these funds was used to investigate
the cohmm strength of an extruded aluminum-alloy
shape comparable with those used in stiiTened-sheet
construction. The data obtained in the tests made at
the National Bureau of Standards are present-id and
discussed in part I of this report. The materkd for
this investigation was supplied by the Aluminum
Company of herica.

Column tests were oonducted at the Aluminum
Research Laboratories on pieces of intruded aluminum
alloy taken from the same lot of material supplied to
the National Bureau of Standards. Column tasti were
also made at the AIuminum Research Laboratories on
another extruded ahuninum-aUoy shape, the data on
which had been requested by the NationaI Advisory
Committee for Aeronautics. The results of these tests
are presented and disoussed in part II of this report.

A correlation of the test data from the National
Bureau of Standards and those from the Aluminum
Research Laboratories is made in part HI of this
report. MATERIAL

The mat.rnal used in these investigations of cohmm
strength is designated Alcoa 24S-T by the Aluminum
Company of America and complies with h’avy Depart-
ment Specifications 46A9a, June 1,1938:Aluminum-
aIloy (alumkmm-copper-magnesium (1.5 percent) -man-
ganese): Bars, Rods, Shapes, and Wire. The material
was furnished in the form of extruded H-beams.The
nominal dimensions of the cross sections are shown in

~q ~“”~.

Cross Section A Cross Section B
FICVJZE1.—DfmensIonsofextruded248-T H-mtIme.

f@re 1. The National Bureau of Standards tesb were
made only on cross section A and the Aluminum
Company tests included both cross motions.

The mechanical tests ta determine properties and the
results of theee teats are discussed in the following tljree
parts of this report.

1. TESTS MADE AT THE NATIONAL BUREAU OF
STANDARDS

PREPARATION OF SPECIMENS

The tensile specimens were three standard type-5
tensile-test specimens, as defined in Navy Department
General Specifications for Ikmpection of h@n-ial, Ap-
@ H (Metals). They were cut from. the same
length of extruded shape, one specimen from the middle
of the web and the other two from diigondly opposite
positions in the two flanges. The .cmsa-seotional areas
of the reduced portions of these specimens were
determined by calipering them.
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The lengths of aU the compressive and the column
specimens were measured, In order to detemaine the
required croes-aactiord properties of the compressive
and the ccdumn specimens, more than half of them were
weighed and, for each of these specimens, measure-
ments were made of the thickness and the width of each
flange and the depth of the section at the middle and
of the thickness of the web at each end. The density of
a sample of the materiaIwas determined by the Division
of Weights and Measures of the National Bureau of
Standards. The cros+sectional axeas were computed

The most suitable machine available for making the
compre~ive tests was considered to be a fluid-support,
Bourdon-tube, hydraulic machine. AuxiIirwy nuts on
the screws of this machine were tightened against the
lower surface of the adjustable head b bring it into
contact with the lower surface of the threads on the
screws, so that rotation of the head relat.i~-eto the
platen of the machine due to clearance between the nuts
of the head and the screws was obviated. The unsym-
metrical position of the motor, the handwheel, and the
other mechanism for raising and lowering the adjustable

1
FIGURE2.—TrPiml ttiile atreas-atrrdndkugnmafor MS-T of ma wtion A. Stmfm meemd on Mrich gem lensth with Ewing extenwmeter. NatkmelBureau

ofStandards.

f~om ~e weights, the lengths, and the densities; and the
l+wt,,will of gyration were computed from the meas-
ured cros+sectional dimensions and the nominal radii of
the roW@in@ and wets.

. .
TENSILE AND COMPRESSIVE TESTS

Tensile tests were made imscrew-driven, beam-and-
poiae tasting machines. The specimens were held in
Templin grips supported by spherical bearings.- Strains
werem~asuredin 2-inch gage leggt@ by means of Ewing
extensometers. Three typical tensile stress+diraindia-
grams are shown in @ure 2.. Spec+nena 6CTC and
5CTA were taken from the flanges and spgc@en 5.C.TE
from the web. The tie yield strength was obtained
from the stress-strain diagrm.pas the stress at a.strain
0.002 in excess of the elastic strain corresponding to this
stress,

head causes it to cmerton the portion of the two screws
below it a constant moment of roughIy 1,000 pound-
inches. in a plane normal to that of the screws. Cons-
equently the screws are slightly bent elastically aud,
as they tend to straighten under load, produce rotation
of the head. This condition causes a slight eccentricity
of loading, which is especially undesirable in compres-
sion testing; but, with the short specimens and compar-
atively low loads (maximum, one-third tho capacity of
the machine) of the present investigation, the effect
was not considered serious. Another possible source
of error in making compressive tests in this typo of
machine arises from the possibility of rotation of the
platen about a horimntd axis. The platen is rigidly
connected to the piston of the hydraulic jack, which is
packed, and the clearance between the cylinder and the
piston permits rotation of the platen under eccentric

..-

.
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load. This effect can be minimized by keeping as
much of the piston in the cylinder as possible.

The compressive specimens were S-inch lengths of the
extruded shape, with ends machined plane and normal
to the axis. A specimen to be tested -was placed
centrally on a ground hardened-steel bearing block
located centrally in the testing machine, snd a similar,
smaller block was placed centralIy on the upper end of
the specimen. In order to secure as nearly uniform
bearing as possible, the upper bearing block was capped
with plaster of paris. The capping was done by plac-
ing a stiff mix of plaster between two sheets of relatively

COLUMN TESTS

Fifteen column specimens were tested with freely
supportd ends and, upon recommendation of the
Committee on Aircraft Structures of the National
Advisory Committee for Aeronautics, six specimens
were tested with ekwtically restrained ends. The
apparatus and the procedure used for making the
tests were identical with those described in reference 3,
It will be sufficient to explain here that the specimens
were supported on lmife-edge carriers and centered
under load. That is, a load was apphd which would
not produce anywhere in the specimen strwes greater

4UO0
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FLGcm!8.–Compressivestress-straindlwams for248-Tofmss secttonA. Siraiw measuredwith Tuckmnw optiefdstrsdn gages(UDto 0.@12)and whh Hnggen-
bergerstrahrgsgeson 2-Inchsw length. Length ofsprchneq 8inches National BurennofStsndsrde.

nonabsorbent oikd tracing paper and transferring it
to the bearing block. A load of 1,000 pounds was then
applied immediately and held for about 15 minutes to
allow the plaster to set.

Strains -weremeasured on 2-inch gage lengtha along
the middIe of each flange. Tuckerman optical strain
gages were used to measure strains up to about 0.002
to determine the modulus of elasticity, and Huggen-
berger Tensometers were used to measure the larger
strains. Compressive stre=strain diagrams were ob-
tained for two specimens and are shown in @ure 3.
The compressive specimens ultimately faikxd by 10CSI
buckling, as shown by lB–1 in figure 4. The compres-
sive yield strength was obtained as the stress corre-
sponding to the intersection with the stress-straincwve
of a line drawn through the origin with a slope 2/3 E,
where E is the modulus of ehsticity (reference 3).

than the expected maximum average column stress,
the deflection of the middle of the specimen and the
rotations of the ends were noted, the load was reduced
to a low value (150 pounds), one or both ends of the
specimen were shifted on the carriers to reduce the
deflection under load and equalize the rotations, and
the process was repeated with increasing loads until at
90 percent or more of the expected mwdmmm column
load the deflection was onIy a few ten-thousandths of
m inoh (not over 0.0005 inch).1 When this condition
was reached, the load was reduced to 150 pounds and
then gradually increased to the maximum wdue that
could be supported by the specimen. Readings of
deflection were taken whiIe applying the load.

Curves of load divided by maximum Ioad plotted
against deflection within the free length divided by the

lLestanyone besInrmed bysuehhfgh WkkhlKkd%kthhUMdthESPLWdiX.
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free length serve as a check on the centering operation.
Figure 5 shows typical curves of this kind. If the knee
of any such curve is bhmt relative to the knees of the
curves for the other specimens, as occ~ionaUy happens,
it indicates that the specimen represented by that curve
was not so well centered as the others. In the present
investigation aIl specimens tested with freely supported
ends appeared to be we~ centered.

BESULTS

The results of the cohnu.u teds are given in table I
and in figurw 6 and 7. The free lengths, ~, of the test
cohmma were determined from the equation (reference 3)

1.
where .-

(1)

(2)

IUGORE4.-8oms cohm.mspecfmeneand ons oompswfvespwfmen (lB-l) of crossswtion A aftsr test.
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1is the length of the test specimen, s is the length of the
carriw (distance from a supporting knife edge to the
adjacent end of the specimen), m is the sIastic restraint
at each end of the column (m= O for freely supported
ends), and P is the maximum load carried by the col-
umn. The least radius of inertia, or radius of mation,
of the cross section has been denoted by i, the crosa-
sectional area by A, and the compressive yield strength
by S. The significance of plot ting

(3)

has been discussed in reference 3. The use of these non-
dimensional vmiables makes it possible to reduce in a
rational way data representing column tests made with
material exceeding specEed values in yield strength to
a representation that would be expected from material
just complying with the specified values.

In figure 6 values of u have beep plotted against h.
The three specimens having the lowest values of h
showed evidence of local buckling due to bending before
their maximum loads were reached, so that the corre-
sponding values of c may be slightly low (on the safe
side). It is much more diflicult to center a short speci-
men under load than a low one, because the deflection
at the middle becomes so small for a short specimen. The
results obtained from the tests with ekst.ically re-
strained ends agree with those obtained from the other
teats as well as could be expected.

If the loaddeflection curve (fig. 5) for any specimen
has a blunt knee relative to the knees of the other
curves, and if also the value of u for this specimen in the
r, &plot is 10W,justification exists for throwing it out.
NO such cases arose in this investigation, however, and
Iow points in figure 6 are ta be explained hrgely by
unavoidable variations in the material.

Figure 6 shows the reduced Euler curve and a straight
line fitted ta the observed a, &va.lues for the condition
of freely supported enda. The straight Iine has been
cut off at the top at t-heaverage value of cvfound for the
two compressive specimens, which failed by local buck-
ling (specimen lB–1 in fig. 4). The cohrnn strength of
the aluminum-alloy shape tested can be given in non-
dimensional form by

C-=1.153 (4)

I“=o”55+%–o.5b 1.153>U>0.55 (5)

a= L224-O.5~

U=4! U<O.55
h

(6)

It is to be txpected that equations (5) and (6) would
hold closely for any heat-treated bar, rod, or shape com-
plying with Navy Department Specification 46A9a so
long as failure occurred by primary buckling. Equa-

tion (4) expresses the condition of failure by local
buckling, or wridding, or crhdding, and this equation
~ould have to be modified depending on the shape of
mss section.

In @we 7 the observed valum of the maximum aver-
age str=s, P~A, have been plotted against the ratio of
slenderness,10/i. By introducing in equations (4), (5),
md (6) the values of h and u from equations (3), rela-
tions can be obtained between PIA and 10/iin terms of
S and E. For use in design, these re~ations should
contain numerical values of S and E related as far as
possible to specified minimum properties of the ma-
terial. The specifki property most closely related to
the comprmsive yieId strength is the tensile yield
strength. The average ratio of the compressive yield
strength to the tensile yield strength2 of the material
of this investigation was 0.85. hTavy Department .____
Spechication 46A9a for aluminum-alloy shapes such as
those t&ed requires a minimum tensileyiekl strength of
42,000 pounds per square inch. Material just complying
with this specification may therefore be expected to have
a compressive yield strength f7=0.85X42,000= 35,700
pounds per square inch. If then, this value is taken
for S and for E the average wdue found, 10,660,000
pounds per square inch, there is obtained for design,
PiA in pounds per square inch:

P
()A *.

=41,200 m

($=43,700 1–0.00752$)~41,200>j>19600 (8)

P 105200000 P—=
A LJ

()

, ~<19,600 (9)

‘?/

The curves represented by these equations are shown in
figure 7.
In analyzing st.iflened-sheet construction it may be

=
necessary ta know the quantity r= ~ as a function of

the average stress PIA in the stiener (reference 1),
where ~ is the double modulus (reference 2). The
dtied relation between r and PIA maybe obtained by
eliminating & between the ‘%nivemd” column formula
(reference 3)

(lo)

and each of equations (4), (5), and (6), and then substi-
tuting u from equation (3). Elimination of ~ between
equation (10) and equations (4), (5), and (6) gives for r
in terms of u

7=&=0.0231 (11)

‘( )1T=4 0.55+-–U
~5 1.153>U>0.55 (12)

r=4u(l.224—cv)*j
r= 1 U<O.55 (13)

z The values Of W ykld strength were weishted mrues from tests of two
e@meoe of rlengemetertel and onesp?cknenofwebmeterkd.



C5c,om

5500!7

mooo

+
45@w d

+

e

$,55*OW
@

I
I
I

i----
I
I
I

+-

1
I
I
I
1
I
I
I
I
I
I
I
I
\
t-

+

0
1
\

+

1

0

mow 7.—TIMP\.4, f@dlagram fm ins-T d m mdioa L

i’



COLUMNSTRENGTH OF TV70 EXTRUDED ALUMINUM-ALLOYH-SECTIONS .295

Figure8 shows the curvw represented by these equa-
tions, Substitution of a from equation (3), with S
taken as 36,700 pounds per square inch gives, PIA in
pounds per square inch,

rmti=0.0231 (14)
P

-i
P’

‘=8926A 1-224–35700A )
J 41,200>:>19,600 (15)

7=1, ;<19,600 (16)

Figure 9 shows the curves represented by time equa-
tions.

/.0
\

stress-strain relationa were determined with the use of
Huggenberger tenscnneters using a gage length of 0.5
inch. Specimens were taken from both the flange rmd
the web.

The compressive properties of the material were
obtained on short lengtha of the full cross section
(l/i= 10). The average values of the compressive
yield strength of the aeveral pieces of material are
given in table II as:

Lb.perag.in.

Crosssection A------------------------ ~ 700
Cross section B------------------------ 40, COO

l-t-t-t

i I 1

\

.8 \

.6 \

T I I I \

\

2

\

5
FIGL~ S.-The r, u-curvefor24S-T ofcrosseectionA.

IL TESTS MADE AT THE ALUMINUM RESEARCH
LABORATORIES

MECHANICALPROPEBTIE9 TISTS

The test specimens for the mechanical properties
teats were identified by the same numbers assigned the
extruded pieces: 1 to 4, inclusive, for cross section A
and 5 to 8, inclusive, for cross section B. In the case
of cross section A, pieces 1 and 2 were from one 46-
foot extruded piece, likewise pieces 3 and 4.

The tensile properties of the material were obtained
on standard %-inch wide flat tensile specimens and the
results of the tests are summarized in table II. The
average tensile properties are as follows:

0oe8aect{an A Cioaaadion S
Tensilestrength. --------bib. per sq. in-- 63,440 62,200
Yield strengt~$--------Jb. per sq. in-- 4S,200 49,900
Elongation in 2 inches-- _-_-_-percent-- I&4 19.2

These tensiIe properties compare favorably with
typical vrdues for 24S-T extruded shapes. Figurea 10
and 11 show typical tensile stress-strain curves. The

tYfeId strength k tbo atreae that produces a permanent a-etof 0.2pwmnt of ths
InltIal gageIength (Navy Department Smoifkatfon46AQa,&lswAmerkm Sodefy
m Teet~K Mfkerfak Stfmdard DeEnMomof t.ermeRelating to Methods of Test-
In.F,EC-26).

/.0

.8 \

&

r

.4

\
.2 -

\

o 10.030 .zv.oiw 5t?,Lw 4cuzz?
P/A, lb./sq.in

FIGURE9.—The., P/A-emia far 245-Toform aectfonA.

The stress-strain relations shown in figures 12and 13
were obtained by use of Huggmberger tensometera
using a gage length of 1 inch.

Additional comprwaive taste were made on speci-
mens consisting of a pack of three or five pieces, each
five-eighths inch wide, cut from either the web or the
flange of the section. Specimens were taken both
longitudinally and transversely from both the flange
and the web. The jig for holding the pack specimen
during testing is shown in figure 14. Typical stress-
strain curves determined with the pack specimens are
shown in figures 15 and 16. The vaha of yield
strength are summarized in table 11.

AH these values of mechanical properties indicate
that each lot of extruded material was uniform.

COLUNN SPECIMENS AND METHODS OF TEST

The specimens used in the cch.rnn teats are described
in table III. The specimen number, which is a com-
bination of two numbers, designates the piece of mate-
rial from which t~e specimen was cut and the approxi-
mate length in inc}.es. The actual average area of
each specimen was computed from the ~ength and the
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~eight of the specimen and the nominal density of the
materitd (O.100 lb. per cu. in.). The crookedness vras
measured by pkming thickness gages between the speci-
men and a plane surface on-which it rested. The maxi-
mum crookedness of 1 part in 1,500 was found in speci-
men 4-19 with a length of 19.44 inches and a measured
.moc&ednessof 0.013 inch. The ends of the specimens
viere carefuUy finished flat, mutually pma.Uel,and per-
pendicular to the asis.

Column taste were made using the conditions of flat
ends n.ndround ends.

The condition of flat ends was obtained by centering
the specimens on the fied heads of the testing machine
as shown in figure 17. The ends of the specimens vrere
restrained tc the extent that the bearings did not tip.
Under a large sidewise deflection, usually great= than
that corresponding to the rnatium column load, the
nerdsof the specimen could lift free of the bearing plate
cm one side.

The condition of round ends was produced by two
methods. In the tests of cross”section A the bearing
platss permitted the specimen to deflect in any direc-
tion and twist with practically no restraint. The
bearing plates were provided with a spherical seat rest-
ing in a neat of 25 hardened-steel brdla. The center of
rotation of the plates coincided with the ends of the
*pecimen. A specimen was centered on the plates by
shifting it on the bearing surfaces until compmable
dial readings, representing shortening of the specimen,
were obtained at the four corners of the bearing platee
for several increments of load. The test set-up is
shown in figure 18.

Inthe tests of cross section B the condition of round
ends was obtained by centering the specimens on bear-
ing plates equipped with ball-beming supports that
allow free tipping about only one axis. The specimens
were placed on the bearing plates with the axis of Ieast
stitlneas paralIel to the axis of tlipping of the p1ate5.
The center of rotation of the plates coincided with the
end of the specimen. Figure 19 shows a specimen in

the testing machine. Because of the relatively low ca-
pacity of these bearings (10,000 pounds) only rekdively
long specimens (1/i> 90) could be tested. In each test
the specimen was placed m nearly centralIy on the
heads as possible and loaded untiI a maximum load was
reached, after which the loading was quickly stopped
to prevent permanent set. The specimen was then
moved on the bearing plates a very small distance in
the direction opposite to that in which the specimen
bent in the fit loading. The loading was then
repeated. This procedure was continued until failure
occurred by bending in the direction opposite to the
first failure. From the several loads thus obtained
the greatest was taken as the column strength of the
specimen. It should be recognized that this method
of centering could be used only in cases where the
failure was entirely elastic, as in these tests.

Both sets of the cohmm teats of cross section A and
the flat-end tests of cross section B were made in an
Am&r hydraulic testing machine having a matium
capacity of 300,000 pounds. The round-end tests of
cross section B were made in a similar machine with a
maximum capacity of 40,000 pounds. In all cases, an
intermediate load range was used.

RESULTS AND DISCUSSION

The results of the column tests are given in table III
and are shown with cohmn-strength curves in figures
20 and 21. The results km cross sections A and B are
shown in different flguree, not because the column
action of the two sections is dif%ent but because of the
ditlxence in the values of compressive yield strength,
44,7oO pounds per square inch and 40,000 pounds per
square inch, It will be noted that the results from the
round-end teats and flat-cud teats are both plotted in
the same figure, using values of effective slenderness
ratio, l~i, for the abscissas in which 1~1= 1.0 for the
round-end tests and 0.5 for the flahend tests.

This method of plotting is used because it yields a
more direct comparison of the two types of teat than
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l--cod Strain.in. f h.

FIGCEEl&-Compressivekmxs-streindfagmmsfor24S-Tofmm seetionA. Strnim -wed with Hnggenkgae Temceneters. Peck compressionspectmenused.

rvouId be possible if the data were plotted separately.
The value of 0.5 for l./l in the flat-end tests has been
found to be justified by the results of previous investi-
gations, and the good aqeement between these redts
from the two methods of test gives additional etidence
that this vahe of 1~1is satisfactory.

k addition to tie test resdts, figurea 20 and 21 show-
four curves of column strength. One of these is the
ordimury Euler column curve. The equations of two
of the other curves are of the same form as the Euler
curve. These two equationa take into account the
inelastic behavior of the material at stresses greater
than the proportiomd limit by using reduced vahms of
the modulus instead of the initial modulus in the range
of plastic action. In one, the initial modulus has been

replaced by the tangent modulus and in the other by
the effective modulus based on the double-mochdus
theory. (See reference 2.) These curves and the
Euku-curve are exactly the same, of course, for stresses
below the proportional limit. In these curves the
values of tangent modulus and the values of tiective
moduIus based on the double-moduhs theory were
obtained from the compressive strws-strain data
plotted in figures 12 and 13. T%e stress-modulus
reIationaare shown in figures 22 and 23.

The fourth curve in figures 20 and 21 is simply a
straight line drawn tangmt to the Euler curve. The
equations of these lines are the ones that would be
predicted for this material on a basis of previous invedi-
gations of the cohmm strength of various aluminum

—

-.

.—
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FIGLU?E

(a) Set-upfortest.

17a.—Tastofa mlnmn with flat ends.
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(b) Spechnensftsr faI.Iurs_

FIWJBE 17b.–Test a! colnmnwith flntcuds.
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(a) &t-upforteat.

FIGcnE 1* —Testofu columnwith round ends. Crws sectkm A.
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----

(b) Spechnen after failure.
FICCWZ18b.—Testofa column wfth round ends. CromeecmmA
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(a) set-up forteat.

FIWEE 19.—Tmtofa cokunnwith round ends CrasssectfonB.
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Woys (reference 4). The equation of the straight lines
is of the form

in which
P is the ultimate column load, pound.

A, cross-sectional areaQf member, square inch.
10y) effective slendernessratio.

B, constant depending on the compressive yield
strength of the material

D, constant depending on the compressive yield
strength and on the modulus of elasticity
of the material.

The intercept- on the axis of zero shmderness, B, is
arMved at by the follow@ simple calculation involving
the compressive yield strength of the material:

( )Intercept B=yield strength 1+~ie~O~~fith .
)

None of the curves shown agree with the data exact~y
but both the straight line and the curve based on the
tangent modulus of elasticity show good agreement
with the data, The curve baaed on the double-modulus
theory lies somewhat above the test results in the
region of plastic action of th~ material.

The specimens after failure are shown in @urea 24
and 25. Although the shorter specimens show con-
siderable local distortion, it shotid be pointed out that
this action was not apparent untiI the average stress

exceeded the yield strength or until the maximum
cohunn strength had been attained.

III. CORRELATIONOF TEST RESULTS

The aver~.gemechanical properties of the material of
cross section A may be summarized as follows:

TensiLeyieldstrength(offset=0.2 percent): L&fw aq.ht.

National Bureau of standards ------- ---------- 49,800
Aluminum Re.marchLahmtifiw----.---_----.-- 48, 200

Compr&sive yield strength:
National Bureau of Standards (2/8 E method)---- 42,050
National Bureau of Standards (offset=O.2 percent) - 42,200
Ahminurn Research Laboratories (offseti=O.2 per-

cent)--------------------------------------- 44, 700

ThadifEerenceinthev&es of the tensiloyie~dst.rength
is 1,600 pounds per square inch or about 3 percent, and
the d.iflerence in the values of the compressive yieId
strength is 2,500 pounds per square inch or about 6
percent. The National Bureau of Standards tests
indicate. the higher tensile yield strength and the lower
comprwsive yield strength. The ratios of the average
compressive yield strength to the average tensile yield
strength are:

National Bureau of Standards,

compressive yieId strength =ti8-5
tensde yield strength .

Aluminum Rasearch Laboratories,

compressive yield strength-o *3
tensile yield strength ‘
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(E)Tested with round ends. (b) Tested wfth Eet ends.

rlGCRE 24.—Speclmen5 of 24S-Tofm tiion A efter twtfng.
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Table for (a)
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(a) T&ted withrormdends. (b) Tmtti Whh flat end.%

FIGURE 25,-Spw?fmens of 245-T oforawsectionBafter testing,
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Figure 26 shows the column test results of cross
section A and the Euler column curve, plotted as P/A
against 10/i (4/1= 0,5, assumed for flat-end specimens,
and E= 10,660,000potids per square inch assumed for
EuIer curve).

Figure 27 shows tie column test results of cross sec-
tion A and the nondimensional Euler cohunn curve,

d1 ~ 3 he free hmgthplotted as u= P/(A$)againstAO=~ ~ (t

of the AIuminum Company’s flat-end specimens has
been assumed one-half of the length of the specimen,

and ,the modulus of elasticity for their specimens has
hem. assumed as 10,660,000 pounds per squaro inch).

lVATIONAL BUREAU OF STANDARDS,

‘WASHINGTON, D. C.,

and
ALUMINUM RESEARCH LABORATORIES,

ALUMINUM COMPANY OF AMERICA,

NEW KENSINGTON, PA.,

September30, 1$38.



APPENDIX

CENTERING LOADS

When centering is done under load in the plastic
range, it is necessary to limit the maximum deflections
to values which insure that the maximum stress a-t no
point of the middIe cross section exceeds the axpeoted
maximum average column stress. b estimate of the
maximum aLIo-ivabledeflection maybe obtained by con-
sidering that the centar line of the specimen goes into a
sine curve. Then for the middle cross section

1?;=:=60 ~

where ~ is the bending strain at the extreme fiber dis-
tance c, p is the radius of curvature, 60is the maximum
deflection, and 4 is the free length of the specimen.
Solved for c, this equation gives

‘=@4~

In the pr=ent investigation, corresponding to a nmxi-
mum value of ~o=0.0005 inch,

0.005
‘- 42

when ?0is measured in inches. If 10=10 inches, a low
value, c= O.00005; and if l.= 25 inches, a medium value,
E=O.000008.

The column strews corresponding to these values of

10
(

$=21 and 52, respectively
)

may be obtained

roughly from figure 7 as 42,000 and 30,000 pounds per
square inch. The stress-strain diagrams (fig. 3) show
that at a stress of 42,000 pounds per square inch an in-
crease of strain of 0.00005 results in m increase of
stress of only about 100 pounds per square inch, or
0.24 percent; and at 30,000 pounds per square inch an
increase of strain of 0.000008 results in an increase of
stress of about 80 pounds per square inch, or 0.27 per-
cemt. These end increases of stress due to a deflec-
tion of 0.0005 inch at the maximum column load indi-
cate that the fired centering load may be close to the
column load without danger of overatmssing any part of
the cross section.

REFERENCES
1. Lundquiet, Eugene E., and Fligg, Claude M.: A Theory for

Primary Failure of Straight Centrally Laaded Columns.
T. R. No. 582, N. A. C. A., 1937.

2. Osgood, William R.: The Doubl+ModuIus Theory of Col-
umn Action. Civil Engineering, vol. 5, no. 3, March 1935,
pp. 173-175.

3. Osgood, William R.: Cohunn Strength of Tubes Elastically
Restrained againstRotation at the Ends. T. IL No. 615,
N. A. C. A.. 1938.

4. Tempfin, R. L., Sturm, R. G., Hartmann, “E.C., and HoIt, M.:
C&mm Strength of Various Aluminum Alloys. Tech.
Paper No. I, AIuminum Res. Lab., Aluminum Co. of
America, 1938.

TABLE I.—RESULTS OF COLUMN TESTS AND COMPRESSIVE TESTS MADE AT THE NATIO&4L BUREAU OF
STANDARDS ON 24S-T FXTRUDED H-BEAM SPECIMENS OF CROSS SECTION A
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TABLE IL-SUMMARY OF MECHANICAL PROPERTIES OF MATERIAL

[246-T Extruded H-Beam

I Crmsection A
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TABLE HI.-DESCRIPTIQN OF SPECIMENS AND RE
SULTS OF COLUMN TESTS MADE. AT ALUMINUN
RESEARCH LABORATORIES

‘24&T Extruded H-Benrn
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rABLE 111.—DESCRIPTION OF SPECIMENS AND RE-
SULTJS OF COLUMN TESTS MADE AT ALUMINUbf
RESEARCH LABORATORIES-Continued

M-T EMruded H-Floum

Cross seotlon B, swbrIsns te ted ss cohzmns with flat ends
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z Ares computed from the wuh: and Iermrh of the sperlnren snd the nomhrd
@tic vitg ofthe mntertel.
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